Long Secondary Periods and Binarity in Red Giant Stars by Soszynski, I.
ar
X
iv
:a
str
o-
ph
/0
70
14
63
v1
  1
6 
Ja
n 
20
07
Draft version September 23, 2018
Preprint typeset using LATEX style emulateapj v. 08/22/09
LONG SECONDARY PERIODS AND BINARITY IN RED GIANT STARS
I. Soszyn´ski
Warsaw University Observatory, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
Draft version September 23, 2018
ABSTRACT
Observational arguments supporting the binary explanation of the long secondary periods (LSP)
phenomenon in red giants are presented. Photometry of about 1200 semiregular variables with the
LSP in the Large Magellanic Cloud are analyzed using the MACHO and OGLE photometry. For about
5% of these objects additional ellipsoidal-like or eclipsing-like modulation with the same periods as
the LSP is detectable. These double-humped variations are usually shifted in phase comparing to the
LSP light curves. I discuss the model of binary system with a red giant as the primary component
and a low-mass object as the secondary one. The mass lost by the red giant through the wind follows
the spiral pattern in the orbit around the primary star and obscures it causing the LSP variations.
Subject headings: stars: binaries: close — planetary systems — stars: AGB and post-AGB
1. INTRODUCTION
Among numerous classes of variable stars only one type
of large-amplitude stellar variability remains completely
unexplained. This is the long secondary periods (LSP)
observed in luminous red giant stars. The LSP variabil-
ity with periods between 200 and 1500 days and with
V -band amplitudes up to 1 mag occurs in ∼ 30% of
Semiregular Variables (SRVs) and OGLE Small Ampli-
tude Red Giants (OSARGs). This phenomenon has been
known for decades (Payne-Gaposhkin 1954; Houk 1963),
but an interest in the stars with the LSP has been re-
newed sinceWood et al. (1999) showed that these objects
follow a period–luminosity (PL) relation (sequence D).
In recent years our knowledge about the LSP phe-
nomenon has significantly increased, although its origin
remains a mystery. Hinkle et al. (2002) and Wood et al.
(2004) studied spectral features of several Galactic stars
with the LSP and detected radial velocity variations with
amplitudes of a few km/s which agree with photomet-
ric long-period variations. Soszyn´ski et al. (2004) used
Optical Gravitational Lensing Experiment (OGLE) data
to select and analyze close binary systems in the Large
Magellanic Cloud (LMC) with a red giant as one of the
components. They noticed that the sequence D in the
PL diagram overlaps and is a direct continuation of the
PL sequence of ellipsoidal and eclipsing red giants1 (se-
quence E), suggesting that the LSP phenomenon is re-
lated to binarity. Soszyn´ski et al. (2004) also showed
that some evident ellipsoidal red giants exhibit simul-
taneously OSARG-type variability, thus, it was directly
demonstrated that in some cases the binary explanation
of the LSP is true. Nevertheless, there is no doubt that
the bulk of the LSP variables are not typical ellipsoidal
or eclipsing binaries.
Soszyn´ski et al. (2005) discovered that the sequence D
split into two ridges in the period – Wesenheit index
(WI = I − 1.55(V − I)) plane, which corresponds to the
spectral division into oxygen-rich and carbon-rich AGB
stars. The same feature was noticed for Miras and SRVs
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1 if the real orbital periods of binary variables are considered,
i.e. periods two times longer than obtained automatically.
(sequences C and C′), and the sequence D contains rela-
tively much smaller number of carbon-rich stars.
Recently Derekas et al. (2006) presented a period–
luminosity–amplitude analysis of variable red giants in
the LMC. They examined amplitudes of ellipsoidal, LSP
and Mira-like variables using MACHO red (RM ) and
blue (BM ) photometry. The amplitude distribution for
the LSP stars turned out to be different than for ellip-
soidal and pulsating variables, but blue-to-red amplitude
ratios of the LSP stars (typically 1.3) is more similar to
this quantity in pulsating variables (∼ 1.4) than to el-
lipsoidal/eclipsing binaries (∼ 1.1). This last feature is
used in present work for separation of the LSP and ellip-
soidal/eclipsing variability in the same light curves.
Various hypotheses have been proposed to explain
the origin of the LSP variability: rotation of a spot-
ted star, episodic dust ejections, a radial and non-radial
pulsation and binary companions including planets or
brown dwarfs. Wood et al. (1999) suggested that the
sequence D stars are components of semidetached bi-
nary systems. The matter lost by the AGB star forms
a dusty cloud around the companion, and regularly ob-
scures the primary component causing the LSP variabil-
ity. Hinkle et al. (2002) and then Olivier & Wood (2003)
mentioned that the radial velocity measurements are con-
sistent only with the binary or pulsation explanations of
the LSP. Wood et al. (2004) ruled out the binary hy-
pothesis, because a short (∼ 1000 yr) timescale on which
the companion should merge with the red giant. They
suggested that the most likely explanation of the LSP
are low degree g+ pulsation modes trapped in the outer
radiative layers of the star.
The main goal of this paper is to find observational
evidences for or against the binary explanation of the
LSP. Since the PL sequence populated by the ellipsoidal
and eclipsing variables overlaps with the LSP sequence
(Soszyn´ski et al. 2004), it should be possible to find stars
revealing simultaneously both types of variability. If pe-
riods are the same, the LSP phenomenon must be related
to binarity. If not, the LSP is presumably caused by an-
other reason.
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2. DATA ANALYSIS
Since the LSP are sometimes as long as 1500 days, pre-
sented analysis is based on observational data originated
in two sources: MACHO and OGLE surveys. Merged
light curves from both projects covered 15 years of ob-
servations: from 1992 to 2006. The sequence D stars se-
lected by Soszyn´ski et al. (2004) in the OGLE database
were cross-identified with objects collected in the MA-
CHO archive2. I found about 1200 counterparts of the
previously selected variables. Then, RM -band MACHO
observations have been merged with the OGLE points by
scaling amplitudes and shifting zero points of the pho-
tometry. The parameters of this transformation have
been found by the least square fitting to the measure-
ments obtained between 1997 and 2000, i.e., when both
projects observed the LMC fields at the same time.
2.1. Searching for orbital periods different than the LSP
Searching for ellipsoidal or eclipsing variability with
different periods than the LSP was a relatively easy pro-
cedure. For each object a third order Fourier series was
fitted to the LSP light curve and subtracted from the
points. Then, the period search was performed for the
residual data. This procedure was repeated until four
additional periods per star have been found.
From these results I selected and visually inspected
light curves with periods lying between sequences C and
D, i.e., where one can expect ellipsoidal or eclipsing vari-
ables (automatic procedure gives a half of orbital peri-
ods). The best seven light curves of that type are plotted
in Fig. 1. Phased LSP light curves are shown in the left
column, the right column presents the light curves of
these objects after subtracting the LSP variations and
phased with periods two times longer than obtained au-
tomatically.
As one can see none of these secondary modulations is
distinct, indisputable eclipsing or ellipsoidal light curve.
The most likely explanation of these modulations are
variations of phases or amplitudes of the LSP variabil-
ity which produce such “artificial” variability in residual
light curves. A very similar behavior occurred in eclips-
ing binary described in Section 3.
2.2. Searching for orbital periods the same as the LSP
If the LSP is related to binarity, one can expect that
a number of objects shows ellipsoidal or eclipsing vari-
ability of the same period as the LSP. Unfortunately, de-
tecting such a modulation in the LSP light curves is not
an easy task, because (i) the ellipsoidal light curves have
usually much smaller amplitudes than LSP, (ii) shorter
semiregular variability is superimposed, (iii) the LSP
light curves often change amplitudes, phases and peri-
ods. A careful investigation of the LSP light curves re-
veals that some of them show shallow secondary minima,
what may be a sign of ellipsoidal variations superimposed
on the LSP. However, since the LSP light curves appear
in several variants, it is possible that such behavior is not
related to binarity.
To separate LSP and possible ellipsoidal/eclipsing vari-
ations I used a feature noticed by Derekas et al. (2006).
2 http://wwwmacho.mcmaster.ca/Data/MachoData.html
Fig. 1.— Light curves of LSP stars with secondary periods in
the binarity range. Left column shows light curves folded with the
LSP, and right column presents these data after subtracting the
LSP variability and folded with different periods.
They studied MACHO BM and RM photometry of long
period variables in the LMC and found that blue-to-
red amplitude ratios are different for ellipsoidal and LSP
variables. In the ellipsoidal red giants, where the vari-
ability is dominated by the geometric changes, ampli-
tudes in different filters are very similar. The median
value of A(BM )/A(RM ) is equal to 1.1. For the LSP
stars A(BM )/A(RM ) is more similar to pulsating vari-
ables and equal on average to 1.3. It means that if the
amplitudes of the RM -band light curves are scaled by a
factor 1.3 and the BM observations are subtracted, the
LSP variations will be canceled, but not the possible el-
lipsoidal/eclipsing modulation.
The procedure was as follows. The BM and RM -band
amplitudes were determined by fitting the spline function
to the folded light curves. Then, the RM magnitudes
were converted into flux and linearly scaled to obtain
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Fig. 2.— Six LSP star exhibiting additional double-humped variations. Upper diagram in each panel shows MACHO RM -band photom-
etry, middle diagram contains BM -band data, lower diagram presents the residual data after scaling RM and subtracting BM light curves.
The dashed lines show the phases of minimum brightness during the LSP variations. Note that each light curve of given star is folded with
the same period.
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D
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Fig. 3.— Period–WI diagram for the LSP stars and ellipsoidal
red giants in the LMC. Crosses show the LSP stars (sequence D),
empty circles indicate ellipsoidal red giants (sequence E), filled cir-
cles mark the LSP stars with double-humped curves visible in resid-
ual data.
the same amplitude (in magnitudes) as in the BM band-
pass. The flux was again converted into magnitudes, and
BM measurements were subtracted point by point from
scaled RM data. The final step of the procedure was fit-
ting a sinusoid of a period 1 year, and subtracting the
function from the residual data. This way I removed a
differential refraction effect distinctly visible in MACHO
data.
For the vast majority of light curves the LSP and pul-
sation (semiregular) variability subtracted very well. No
significant long-period variability was detectable in the
residual points. However, for about 5% of stars I found
clear periods equal to half the LSP, i.e. I noticed double-
humped curves with periods the same as of the LSP.
All these residual data are available from the electronic
edition of the Astrophysical Journal. The most promi-
nent curves of this type are presented in Fig. 2. In these
cases the residual data seem to arrange in eclipsing-like
or ellipsoidal-like light curves.
Fig. 3 shows period–WI diagram (where WI = I −
1.55(V − I) is the reddening-free Wesenheit index) for
stars from sequences D and E. Full circles show the po-
sition of the LSP stars with the double-humped curves.
Note that these objects appear along the complete length
of sequence D, although there is an overdensity for
shorter-period stars, i.e. where sequences D and E over-
lap. Note also that double-humped objects populate
both, O-rich and C-rich, sequences of the LSP stars
(Soszyn´ski et al. 2005).
It is worth mentioning that the described procedure
does not demand any assumptions concerning periods or
light curve shapes. It is a simple transformation, the
same for each observing point. The only parameter of
this transformation is a blue-to-red amplitude ratio of the
LSP variability, but I checked that the double-humped
residual light curves are visible for relatively wide range
of this parameter, so it is not very important to measure
amplitudes very accurately.
3. DISCUSSION
I have shown that about 5% of sequence D objects
have ellipsoidal or eclipsing-like modulation with periods
the same as the LSP. In the sample of 1200 sequence
D stars I did not find any distinct ellipsoidal or eclipsing
binary with period different than the LSP. Although var-
ious scenarios are still possible, it is justified to re-invoke
the binary hypothesis proposed by Wood et al. (1999).
In this explanation the AGB star in a close binary sys-
tem losses mass to the secondary component. The matter
forms a dusty cloud around and behind the companion
and regularly obscures the primary star.
An argument for this hypothesis is a phase lag be-
tween ellipsoidal/eclipsing and the LSP variations clearly
visible in Fig. 2. Only one object of six – the star
with the shortest period – does not exhibit such be-
havior. I checked that it might be a rule for the
shortest period sequence D variables. For longer peri-
ods the minima of the LSP brightness variation occur
about 0.05–0.10 of a cycle after the minima of the el-
lipsoidal/eclipsing light curves. Consistent results were
presented by Wood et al. (2001), who discovered a phase
lag of ∼1/8 between LSP light curves and radial velocity
curves. Such phase offsets between ellipsoidal/eclipsing
and LSP minima agree very well with hydrodynamical
simulations of a wind driven accretion flow in binary sys-
tems (Theuns & Jorissen 1993; Mastrodemos & Morris
1998; Nagae et al. 2004). These models predict that a
matter lost by a red giant in a binary system follows the
spiral pattern with maximum density located behind the
secondary component.
An exhaustive discussion about possible origins of the
LSP was done by Wood et al. (2004). They argued that
the merger timescale for red giants and its companion in
close binary systems is of the order of 103 years, while
the lifetime in the AGB phase is two orders of magnitude
longer. Thus, 30% of SRVs showing the LSP is highly
inconsistent with the binary scenario.
However, the mass transfer in a binary system may be
due to the Roche-lobe overflow (e.g. Paczyn´ski 1971),
or through the stellar wind (e.g. Anzer et al. 1987;
Theuns & Jorissen 1993). The former process tends to
circularize the orbits and to synchronize the spin of the
stars with the orbital rotation, which results in shrinking
the orbits and finally in merging the components. The
latter phenomenon increases the eccentricity of the orbits
and, if the bulk of the mass lost by the red giants escapes
from the system, the distance between components may
even increase. Thus, the main argument of Wood et al.
(2004) against the binary explanation may be not valid,
if we assume that the red giants in the binary systems do
not fully fill their Roche lobe, and the bulk of mass trans-
fer is driven by the stellar wind. The non-sinusoidal ra-
dial velocity curves observed by Hinkle et al. (2002) and
Wood et al. (2004), which can be explained by the ec-
centricity of the orbits, are in good agreement with this
scenario.
Presented hypothesis nevertheless requires that at least
30% of AGB stars exist in close binary systems. More-
over, while the studied LSP variables have velocity ampli-
tudes of only a few km/s (Hinkle et al. 2002; Wood et al.
2004), the confirmed binary systems (sequence E stars)
appear to have velocity amplitudes about ten times larger
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Fig. 4.— Three upper panels show LSP stars with variable amplitudes. In the lower panel the probable eclipsing binary is presented.
Left and right diagrams contain unfolded and folded light curves, respectively.
(Adams et al. 2006). The radial velocity measurements
suggest that the second component in the LSP stars
may be a brown dwarf. Retter (2005) proposed that
the Jupiter-like planets may accrete the matter from its
host star and increase mass into the brown dwarfs range.
This hypothesis would explain such large number of the
LSP cases among AGB stars, if we assume that plan-
ets with a separation of 1–5 AU are common. To test
the binary hypothesis it would be interesting to measure
the radial velocity changes for the LSP stars with the
double-humped variations. If these stars are ellipsoidal
or eclipsing variables indeed, their velocity amplitudes
should be similar to these observed in sequence E stars,
i.e. significantly larger than for the remaining LSP stars.
The brown dwarf scenario can also explain why only
5% of our sample show the double-humped variability.
For low-mass secondary components the ellipsoidal and
eclipsing variations have too small amplitudes to be de-
tected in our procedure. One should remember that the
residual data obtained by scaling RM and subtracting
BM magnitudes can show variability with amplitudes of
about 0.2 of the original ellipsoidal amplitudes (RM were
scaled by a factor of 1.3 and A(BM )/A(RM ) is on av-
erage 1.1 for ellipsoidal variables). Moreover, presented
model does not assume that the red giant fills entirely the
Roche lobe, because the bulk of the mass flow is through
a stellar wind, so the separation between the components
can be too large to cause significant ellipsoidal variabil-
ity. Note also that observed number of possible ellip-
soidal and eclipsing variables among the LSP variables is
in agreement with relative number of sequence E stars.
The LSP modulation is observed for about 30% of the
AGB stars, so 5% of these objects gives about 1-2% of
the whole population. Exactly the same relative number
of ellipsoidal or eclipsing variables is observed for fainter
red giants (Soszyn´ski et al. 2004), so one should not ex-
pect to detect many more such objects among brighter
stars.
Of course, it cannot be absolutely excluded that
the double-humped variations have different explanation
than the binarity. However, the non-binarity model of
the LSP phenomenon has to explain why produced resid-
ual light curves have ellipsoidal or eclipsing-like shapes,
why it appears only in a few percent of the sequence
D stars, and why there is phase lag between LSP and
double-humped variations. All these facts can be ex-
plained by the binary scenario.
Additional clues on the origin of the LSP can be given
by an analysis of typical and peculiar cases of the light
curves. A common feature of the LSP variations is the
modulation of the amplitudes and phases. A few such
light curves are shown in in Fig. 4. It seems that the
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phase shifts are correlated with the depth of minima –
the deeper minimum occurs earlier than the shallower
one (see the folded light curve in Fig. 4a). Sometimes
the LSP variations completely disappear or appear in
red giants which did not show such modulation before
(Fig. 4b). The conclusion that can be drawn from these
cases is that the regular (with no LSP) apparent lumi-
nosity of the red giants is the same as in the maximum
apparent luminosity of the LSP variations, i.e. the LSP
phenomenon decreases the total luminosity of the star.
This fact must be taken into consideration by any theory
of the LSP variability.
The hypothesis of a binary system with a mass-losing
AGB star seems to agree with these results, because the
obscuration by a cloud of matter reduces the total lu-
minosity of the star. The amplitude and phase changes
are likely connected with the variable mass loss rate. An
interesting LSP light curve is presented in Fig. 4c. Start-
ing from the beginning of the observations the depth and
width of the minima were increasing. After a few cycles
this process affected the maximum of the light curve, and
the total apparent optical luminosity of the star dropped
down. Then, the object returned, more or less, to the
previous stage. This behavior can be interpreted as a
sudden rise of a mass loss rate, which caused the whole
system to be hidden in the cloud of matter.
In Fig. 4d I show a probable eclipsing binary system
with the AGB star as one of the components. This ob-
ject presents striking similarities to the LSP stars. First,
it is located in the sequence D in the PL diagram. Sec-
ond, the light curve changes the amplitudes and phases
of variations. Third, after subtracting a function fitted to
the primary (eclipsing) variability I obtained secondary
long-period variations caused probably by modulation of
the primary period. The same behavior I observed for
the LSP stars presented in Fig. 1.
4. SUMMARY AND CONCLUSIONS
In this paper I show that careful analysis of available
data may shed new light on the nature of the last un-
explained type of stellar variability. Arguments in favor
of the binary explanation of the LSP phenomenon are as
follows:
1. There are no reliable examples of the LSP stars
with ellipsoidal or eclipsing variations with differ-
ent periods.
2. At least 5% of the sequence D stars exhibit ellip-
soidal or eclipsing-like variability with the same pe-
riod as the LSP.
3. Phase lag between ellipsoidal and LSP variations
agrees well with models of wind accretion in binary
systems.
4. The LSP light curves with variable amplitudes can
be explained by a variable mass-loss rate in binary
systems.
The binary scenario can explain many features of the
LSP variables. The PL relation (which is a direct con-
tinuation of “binary” sequence E) is a projection of a
radius–luminosity relation for red giants. Positive cor-
relation between amplitudes of the LSP variability and
mean luminosity (Soszyn´ski et al. 2004; Derekas et al.
2006) may be caused by the increasing mass loss rate
with the luminosity. The dimming during the LSP min-
ima are consistent with the obscuration by a dusty cloud
of matter orbiting the red giant. Finally, the radial ve-
locity variations are in agreement with eccentric motion
of the low-mass companion. The long-term project of ra-
dial velocity measurements of selected sequence D stars
have been recently finished (P. Wood, private communi-
cation). I expect that these data will definitively solve
the LSP problem.
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